Additives are used in polymer matricesl,for different purposes, like plasticization, p9lymer toughening, reinforcem~nt, wear resistance, flame retardancy, environmental stability,.and..the..like.£:dAqeqyate !v~tting of the filler by the polymer as well as their mutual compatibility is essentiaF for effective devel-. opment of such modified formulations. i;:, ' The role of oxidizer type of fillers in-propellant formulations is no less significant. Flame-retardant polymers3 have emerged as a specific class of leading composite materials. ' When used in thermosetting resins, the filler has a direct influence on the curing parameters like the gel time and' gel temperature. The complexi ty of such an effect largely depends on how much the filler absorbs or adsorbs the resin, the surface area of such fillers4 as well as their physicochemical interactions with the polymer meterices. &:to and Pourassamy,5 while studying the curing behavior of filled polyesters reported that, in case of nonabsorbing or adsorbing type of fillers, the surface area played an important role.
" ,--In the present studies, the curing behavior of the unfilled unsaturated polyester;-.~r resins (AMSILITE 2100 and FOR11AC 1(09) was compared with that of epoxy resins (LY 556, CY 205, AW 106, and A\V 103). The effects of filler addition and its loading on the curing characteristics of an epoxy resin system were reported. Hardness number of the curing mass at gel point was suggested to be a us~ful parameter in studying the quality of different batches of resins. 
EXPElllr-rlENT AL
The curing studies were carried out at room temperature (28 :!: 1°C). In each experiment, about 50 g of resin were cured with appropriate curing agent, in a 11------ lOO-cc glass beaker, the reaction mass being stirred continuously till the gelling occurred. Table I shows various resins and their curing agents used in these studies. Effects of fillers and filler content on the resin curing were studied, by loading the epoxy resin (A \V 103), respectively, with 5% by weight each of glass powder, CaC03, CaSi03, and 5-25% by weight of the glass powder. The gel time of the curing mass was noted at the time when mass became just rubbery and the corresponding temperature, as xneasured by a precision thermometer, was defined as the gel temperature. The peak exothermic temperature was recorded as the maximum temperature reache<f.by the reaction maSs. These measurements-were-Tepeated' fot' aIr-the -fesins?ih theIr filled and unfilled forms.
;:~~,T he hardness of the curing resin system was I;xieasured as a function of time from the instant the resin reached the gel point. ,'.JAsmall quantity of the curing mass was quickly transferred into <h1 aluminum mould, prior to the gel state. The shore-D hardness number of this transferred mass was then measured as a function of time, simultaneously with the time-temperature history of the mass remaining in the glass beaker. These measurements called for extreme care.
The results are presented in Figures 1-4 and Table II .
RESULTS

AND DISCUSSION
The curing curves for different resins (polyesters and epoxies) in their unfilled form, are given in Figure L It can be seen that the epoxy resins in general cure slower than the polyesters. Table II ) may have been caused due to its low inhibitor content.
The time-hardness curves for the above resins (unfilled) are presented in Figure 2 , which indicates that the time-hardness history of these thermosets essentially follows the same trend as exhibitedby~'i; time-temperature history (Fig. 1 a too soft a stat€, with the~mperature rising sharply. It was further not€d that epoxides transformed into a solid mass without exhibiting a distinct rubbery stat€ at gel point, as compared to the polyesters. For the latter, however, the reaction mass first changed into a rubbery state, which later started gaining hardness gradually.
It was therefore easier in the latter case to obtain the hardness number as a function of curing time. . In view of the above problem, a two-stage method was adapted, to obtain the gel-hardness number. First the gel time was noted from experimental observations or from Figure 1 , and then the hardness corresponding to this time was noted from Figure 2 . The results are summed up as shown in Table II . . This procedure was resorted to as it was found impracticable to obtain hardness values precisely at the gel point when curing was in progress. It was, however, verified that the hardness values so obtained were in close agreement with those that corresponded to the points where the time-hardness curves took a steep slope, as seen from Figure 2 .
Effects of Fillers
One of the epoxy resins (A\V 103) was chosen to study the effects of fillers, as this resin was found to offer the advantages of the highest gel time and lowest viscosity of all the resins studied. Figure 3 shows the curing curves of this epoxy resin system with three different fillers. It can be clearly noted that addition of filler::!reduce::! the gel time in general and increases the peak exotherm to some extent. This result is similar to that reported by Rao and PO\lrassamy,5 for a loaded unsaturated polyester resin, indicating that the nonabsorbing type of fillers pays to lower the gel time, since their incorporation in the thermosetting resins enhances the effective surface area available for the curing reaction in progTess. It is interesting to note from Figure 3 that the glass-powder-filled epoxy resin system exhibits the highest peak exotherm, which can be attributed to the low thermal dissipation capacity of this filler. Figure 4 shows the curing behavior of the epoxy resin loaded with different proportions of the glass powder. It shows that the gel time decreases as the percent filler loading is increased, a result that can once again be attributed to the increased surface area made available for the curing mass with the progressive addition of the filler. ,It may also be seen that the peak exotherm increases with increased glass powder content, for obvious reasOllE.
CONCLUSIVE COl\IMENTS
The gel time and gel temperature of the unsaturated polyester resins are in general lower than those of the epoxy resins indicating faster cure rates for the former. The hardness of the curing resins increases with time and the former can be used as a useful cure parameter along with gel time and gel temperature for effective material characterization and batch-to-batch quality control. . Nona?sorbing type fillers reduce the gel time of the thermosetting resins, and II~_ M~~; ;< . .
. ,.
ff
those with low thermal conductivity increase the peak exotherm temperature~. in addition.
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